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I. INTRODUCTION

?he.Defense Nuclear Agency (DNA) sponsored the present work at the
Ballistic Research Laboratory (ERL) as a part of its collateral damage
program. The general objective of the collateral damage program is to
ultimately be able to furnish guidance to the field commander when there
is a need to fire a tactical nuclear weapon nearby to a friendly
town or city. The field commander should be able to complete his
mission within the prescribed acceptable level of damage to the friendly
area. The pressure-time loading on structures at specified yield-

distances is needed to generate the needed probable damage functions
for the field commander.

The particular concern addressed by this set of experiments! was
to determine the amount of shielding, if any, that a row of houses
in a town or city complex might afford the next row across the street
from it. Accordingly, a 1/8th scale model city complex2 was designed
and exposed to the 1978-79 height-of-burst (HOB) tests at the Defense
Research Establishment Suffield, Alberta, Canada (DRES). The model
complex was included as one of several experiments carried out during
this test series code-named Mighty Mach I and II. The two sets of
firings used nominal 490 kg (1000 1b.) pentolite charges to produce

the blast waves that were used to load the model complexes. Section II
describes the experiments.

II. TEST PROCEDURE

Details of the house model used, shielding configurations, and the
instrumentation are described in this section.

A. 1/8th Scale Model House

- A simplified 1/8th scale model of a '"standard" two-story house was
designed, constructed, and instrumented with pressure transducers at
the various numbered locations shown on the model (Figure 1). The model
(and the models making up the complex) was constructed cf heavv plywood

(2.54 cm) and mounted to a concrete pad with heavy steel angles (5.08 x
5.08 x 0.63 cm thick).

1 complementary set of experiments was performed in the BRL 2.44 m
8hock tube for an unshielded model house. G. Coulter, '"Blast Wave

Loading of a 1/15th Scale House', Memorandum Repo.. ARBRL-MR-03031,
dated July 1980.

ZEurZier work with very small scale shock tube rodels indicated some
protection was given by shielding. A.B. Willoughby, "Blast Shielding
in Complexes", Broadview Res Corp, AFSWC TR 57-29, August 1958.

13




The house model was used in the test configurations in two designs.
The first design had no openings. This type model was intended to
simulate the case where doors are closed and windows are shuttered.
The second case had door and window openings added. This was intended
to simulate a case where all doors and windows would be immediately
blown to full open positions by the blast wave. Figures 1 - 4 show
details of the model.

The various shielding configurations for the model and the complexes
are described in the next part of the section.

B. Shielding Configurations

Three test sites were chosen, each one on a 57.91 m (190 ft.) radius
measured along the ground from a ground zero point (GZ) directly under
the suspended charge. The sites were chosen to expose the model houses

to a nominal 26 kPa (3.77 psi) peak blast overpressure at the ground
station locations.

Site A, Figure 5, was constructed so as to cause an in-line shielding
effect upon the house model. The shields were then removed to expose
the model alone. This particular model house was left on Site A as a
control model for all the remaining shots of the test. A twin house
model had been earlier constructed to be used in the shots upon the
complexes.

Site B was positioned so as to expose the complex there to a 0°
angle of incidence to the blast wave. Figure 6 illustrates this site.
A small portion of a city suburb was modeled, including two rows of
back-to-back houses and a street. Two of the shielding houses were
physically joined to make a row house out of them.

Site C was identical to Site B except it was positioned so that
the blast wave angle of incidence with the front walls was 45°. Figure
7 shows the test layout for Site C. The center bottom of the front wall
of the instrumented model was placed at the same radial distance from
GZ as the free-field ground station 190.0C. Figure 8 shows photographs
of model complexes as installed on the sites.

C. Instrumentation

Pressure transducers were located at the free-field ground station
and at the several locations on the model house. There were stations
located on the left half (as seen from GZ) of the two instrumented
models: the front wall, front roof, rear roof, rear wall, and left
side wall. On the open models, a station was added in both the attic
floors and the ground floors of the models.

14
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The schematic of Figure 9 shows the complete data acquisition
system. The pressure transducers used for all stations were of the
strain bridge type, Tyco-Bytrex Model HFG., Signal conditioners and
amplifiers allowed the voltage cutput from the blast loaded transducers
to be rccorded by the 40 kHz Sangamo 4784 FM tape recorder. The
records from the 32 track machine were dubbed on-site and reduced to
digital from analog in the laboratory data reduction facility. The

remainder of the system allowed report-ready data to be prepared from
the digital processing.

IIT. RESULTS

The blast loadiny measurements will be discussed according to the

model configurations tested. Table I lists the test series in order
of shots fired.

A. Unshielded Model

Shot 3 was fired when the fully instrumented 1/8th model house was
located on Site A. For this shot no openings were in the model.
Transducer stations were located on the front wall, front roof, rear
roof, rear wall, and on the left side wall. The free-ficld pressure
was also monitored on this and on each succeeding shot at the 190.0A
or 1Y0.UB (190.C same as 190.0B) ground station.

Pressure-time histories from each of the instrumented surfaces are
shown as examples in Figure 10. The frec-field blast wave (Station
190.0A) is exponentially decaying from a peak overpressurc of about
28 KPa to zero pressure in a positive duration of about 30 ms.

Peak pressures on the front wall and roof are reflected values for
the blast wave (58-03 kPa) after interacting with the surfaces. They
are always characterized by steepened peaks. Station 190.2A shows a

sccondary peak, near the initial peak, caused by an "extra" reflection
from the overhanging roof.

Station 190.8A on the rear roof shows a slightly rounding of the
wave's first portion. The maximum overpressure is at this time about
21 kPa, less than free-ficld. The rear wall station. 190.12A, shows
even more rounding of the blast wave profile.

Statiocn 190.13A on the left side wall shows a profile something like

the frec-field with a vortex probably causing the sharp decay at ahout
5 ms.

Table T1 lists some pertinent parancters for Shot 3 with

the
unshiclded model.

i
F



L

A, ;! ‘wolsds uoritsinbde BIRp JO JLIBUDYDS U6 Jandty

| LD
ﬂ AdOD.H
, IANG 35va015] | yinos1aaL
34V1 3dv 1
v1191a wauowa| ||
—y 431N
XINOY 1331 o5
XINO1¥3L
O W31SAS
31H V4O
|||||| — / P 1 8 3110d
_l O 4 arv IANILDVEILNI %
| _ | owol o8 Z99r
h “ 101 1SO¥ XINO¥LN3L XINOY 1331
W _ 113MA3INOH
— . - - .
_ H1Vd 3¥N1Nd
|
; . ————dS10Z—ef—2/7—>
]
OO
1 .
L _ aNOD
O o™ ,
£0SS  00/- | L4A X08 - O4H
101 veLv OdAL

._._w>>>w;ZOI - OWVONVS gv1/d 199

TR Y R




rapon uadg

| |
‘xapdwo) 0 76 8 L1 U6, S0°S prvgr | 62 3OS TT | 1T wu | .
_ * RSTTE-H ¢
ropow  uadp _ !
*xo1dwoly Sy 0'v ¢yl Y6 . S07¢ 1°S6v 6. 39S €0 | II yoew | 9
: TR O
! |
[9PON PasOT) _ w
‘xardmol Sy 8 v 6 8L v L6 Vo€ 7 98Y 6. Soy L7 0 11 yuew oS
AP “
12POH . _
paso() ‘xardwod 0 V9 8°0¢ ¢ SSt 806V 6 Wy LD | 11 WEW | v
SIYBUN
|
[apou papraTysun 0°6 0°92 0°¢6 95" v 806t 6. Sny go | II ydew | ¢
{1981y M
SPIaTYs aull-uj 0°8 vost b<6 LSy 8°06% gz 1dag 0c 1 yoew 7
W {ayd
uoy3ean3dijuo) y/uy D, ed w 3y 31eq " Tsot1ag | CoON
. TOpOoW ‘paadsg “duag ‘QINsSSadd HOH ‘3m aduey) _ 1551, 0ys
i PUTM | JuUBTQUY | IURTqUY 211101Ud _ m
S30US JO pIoadY "1 dl4el

R




[ ‘ww

PRESSURE, KPA

TEST-1/8 SCALE HOUSE
SHOT-3, @ NEG, UNSHIELDED
STATION-198.8A, CLOSED

)

TEST-1/8 SCALE HOUSE
e SHOT-3, @ DEG, UNSHIELDED
STATION-160.2A, CLOSED

PRESSURE, KPA

TEST-1/8 SCALE HOUSE
$407-3, © DEG, UNSHIELDED 3
STATION-190.6A, CLOSED

o N o o oo

PRESSURE, KPA

Ol'l T T T T T = =3
39 3

8 5 19 15 20 25

TIME, MSEC

Pipure T8, Pressire U Fevords from Shet S5, ansietded wodol




TEST-1/8 SCALE HOUSE

2% SHOT-3, @ DEG, UNSHIELDED
STATION-190 8A, CLOSED L

20 i

= el
© g &
“ I
o l

st ok

- —

0 5 10 15 20 2 39 35 ‘@ ’F

TIME, MSFC

TEST-1/8 SCALE HOUSE
39~ SHOT-3, @ DEG, UNSHIELOED

STATION-190. 124, CLOSED
25} r\\\\

PRESSURE, KPA
a8
T

i
J |
e e e g | o e e e

TEST~1/8 SCALE HOUSE
SHOT-3, 8 DEG, UNSHIELOED
STATION-188.13A, CLOSED

25

- 2
&
g‘ 1§
g 19

S

0 ~

0 5 8 s 20 2 1 2
TIME, MSEC

Fogure 10,0 (Cont ) Pressure Line records from Shot o s, nnshioe Ladod moddel .




o i ,J.f.%,. lvi(&_.:.:l«, i h r R ST

-sano-doap ade; pue

1GOYSIAA0 IDIUPSUEBLY I19F PIIIILI0O] U99G aABY [\ - Il Soqel Ul paistp sanjea sinssaxdinro yead fIv.

€zl Ste 9°' 6L 8 8C [1em cpls 1397 Vol
CU ¢ gtre 9 8C - T[em Jeay vl
S0°¢ 80¢ g e 'R [Ten 1ToY VII
{0 4 6S¢ 9°9¢ §°8 1(eM 13y VOt
‘p3sold S0°¢ 9¢¢ LTT12 b6 [1eM 21E9y v
13apou yitm
9AEM 1S5EBIqQ 03 §9°¢ 8¢¢ "1z ¢ ¢l jooux 1e3Yy V8
uotT1eILITIO
‘Y 93115 3Is3]L ] 9p¢ 9°¢€2 12 joox 1edy Vi
0s'0 S9¢ 9" 19 8709 joox juciyd X9
y/uw| 6
‘paads purM 01°0 SLE ¢ 19 €19 Jooa1 juoly ¥S
c0°0 8¢ 0°09 - [1ex Juoly Ytv
00°0 08¢ 0°09 L°LS [Tem L0414 Ve
A 662 = HP 00°C 0LE ¢ L9 2°¢9 Tlem uolj Ve
ed)f 0°¢6 = Hm 00°0 08¢ v 19 v 19 [TEM Juod4 VI
00°0 1¢¢ 08¢ 08¢ pP1913-93X14 V0061
syIeway sul sw-edy edy edX UG11Bd0] ucrtieis
‘aut] ‘osindu] 8anssaxdiaAQ ‘aanssazdaang < ganssaxdisag
[FATIIY DATILSOG yead wnwixely  sYedd TEI3TU]

{apoN POPTaTysUN ‘€ 30yS Ioj sIajdueled 3O ISTT I 2I4EL

33




B. In-Line Shiclded Mode!l

For Shot 2, uninstrumented shielding models werce placed 1 m in
front and 1 m behind the instrumented model. Figure 11 shows represen-
tative pressure-time rccords from the shot. All stations received
some reflections from the shields superimposed upon the pressure-time
records. Station 190.2A indicates a breakup of the initial rise time,
caused by the front shicld. The roof station, 190.06A, shows little
change because of shiclds being present. 1

L b bt b

Both the rear roof and rear wall stations have enhanced loading
at about 8-10 ms caused by the reflections from rear shiceld., The jett
side record was lost on this shot.

Fable 111 lists the shot parameters for the in-line shiclded model
ot Shot 2.

el el

m,.,.,.,_

C. Model in 9° Complex, Closcd Model

"

The twin of the model on Site A was installed on Site B tor Shot 1
where it was placed in the model complex.  The concrete pads ot the
complex were biuilt so that the front wall of the instrumented wodel
and shiclding houses taced GZo The angle of incidence hetween the blast
wive and complex was zero for this shot.  The blast wave was face-on
to the tront wall ot the tirst row of shiclds.  The free-{ield station,
1OD OB, was still on a radial from G2 that was equal to the distance
to the instrumented model's tront wall from GZ.

Figure 12 shows records from the loading of the blast wave in shot
4. There is a noticeable change in initial peak overpressure at Station
190,28 - down trom the unshiclded retlected value (Figure 10} of over
GO RPa (Shot 3) to about 40 KkPa for this shot. The root station again
showed little change in the pressure record.

The most changes occurred on the rear root, rear wall, and the left
side wall, ALl received multiple reflections from the various shiclds
making up the complex. Table IV lists the parameters for Shot 1,

Do Model in 46 Complex, GClosed Modeld
Figure 13 smmmari-es the ef feets of the J5° compley at Site U,
Arvival times change tor all or the stations since the blast wave now
has to travel to stations no loneer cquidistant, in the soame plane with

respect to the blast wave, as was trae of (7 complex.

Maltiple reflections again are present at all the stations.  Station E
190 13¢ on the lTeft <ide of the model is now onoa falling ~lope, The )
pressure-time record no longer Tooks simtlar to a free-field trace bt
1s most similar 1o the trace trom the rear wall station.
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Table V lists the parameters from the data taken from the model in
the 45° complex.

E. Model in 45° Complex, Open Model

The instrumented house models had a door and several windows cut

“into the walls to prepare for Shots 6 and 7. The complex remained

on Site C for Shot 6 and then the complcte complex was moved back to
Site B (0°) for the final shot of the test series. Figure 14 shows
representative pres wre-time traces for Shot 6. Records from stations
on the outcide of tne model were only slighty different from outside
records from the previous shot.

Stations 190.5A1 and 190.5CI are similar in that the peak pressurcs
at 7 ms arc both lower than the outside free-field pressure. The
pressure prorile at Station 190.5CI secems to have a somewhat longer
positive duration than does the record from the unshielded station
at 190.5A1. The reflections coming from the rear model shields
appear to fill in through the attic windows. This gives an increased
pressure which adds to the undisturbed free-field input loading
prossere at the attic openings.

Table VI lists puaramcters for Shot 0.

F. Model in 0" Complex, Upen Model

As in Shot 6, Shot 7 (Figure 15) shows similar outside effects as
with the closed modei in the 0° complex. The two inside stations,
190.5CI and 190.7CI, exhibited similar pressure-time traces as did the
45° complex interior stations. These and the effects at other stations
are summarized in Table VII,

IV. ANALYSIS

This section wili compare pressure-cime traces as a function of
the orientation of the blast wave to the model, or complex, to
determine the effectiveness ot the shiclding configurations tested.

A, Blast Wave at Normal Incidence

Pressurc-time records from the shots taken at normal incidence
to the blast wave will be compared to determine effectivencss of the
shielding when at ¢° incidence. Figures 16 - 21 illustrate the tvpes
of Joading records measured at the various walls and roof of the model
for cuach of the free-ficld blast waves.
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The maximum peak loading was expected for the normal loading (0
incidence) at the front wall3. Equation 1 gives, for Shot 3, (the
model unshielded) a normal reflected value, Prcf’ of overpressure
of 62.9 kPa for the peak frec field value, Pq, of 28 kla.

“~1n ¢
ll + “S

P oo =24r ET , (1
ref S 'Pl +I5

where PO Land Poare defined above. P ois the ambient atmospheric
ref S 1 !

pressure on the test sitc at shot time. Reference 4 shows that for

an angle of 40° (angle between blast wave and front roof surface),

the peak reflected pressure is very nearly equal to the normal value
calculated from Equation 1. Figure 17 shows that the peak initial
measured pressurce (about the same as calculated) at the front wall

for the unshielded model is depraded as the in-line shields and the
cemplexes are exposed to the blast. Values of about 63 KPa (Table VI
arc degraded to something below 20 kPa.  The similar peak loading
found on the front rootf when the model vas unshielded docs not degsrade
as much,  The value goes from about 61.3 kiPa to a valuc belween o
and 50 kPa 1nstead of less than 20 kPa.

The rear roof loading (Figure 19) shows a rounding of the pressure-
time trace to values below the free-ficld value. Falling slopcs”
of tevrain cause similar effects te those measured on the rear roof.
The values of the initial peak pressures measured on the rear wall
arc also less than free-field values. A difference in the pressure-
time records is that large reflected spikee do occur.  For example,
see Figure 20, Stations 190.10A and 190.12A. Table 1X lists these
and the other maximum values.

Figure 21 shows the comparison of the records wmeasured on the left
side wall (as seen by the blast wave).  The most noticceable of fect s
the variety of waveform changes. he in-line shield causes some
decrease 1n peak initial overpressure.
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Tables X and XI summarize the values of positive overpressure
impulses and arrival times for the test series. The general effect
upon arrival time caused by shielding from the blast wave was to increase
the arrival time over that obtained for the unshielded model. The
average positive overpressure impulse was greatest on the front wall,
377 kPa-ms and 368 for the unshielded and the in-line shielded models.
The front roof value was about the same, 370 kPa, for both shots.
The average value decreased to 335 kPa for the front wall nf the

—-— -

Al b i

model when in the 0° complex. Within a few percent, the positive impulse Pz
at the remaining stations was not affected by the in-line shielding or 113
the complex. Ei

bg
B. Blast Wave at Oblique Angle Incidence 1

Comparison of free-field records with records from representative
stations on the unshielded model, 0° complex, and from the 45 complex
will be made here. Figure 22 shows the free-field records from the
several shots. There is some variation in peak pressure from shot to
shot but they are quite similar ecxcept for the reflected waves from
the complexes as shown at about 15 ms on Shots 5 and 6.

[Nl
[ inren nabis
mUr.‘”‘“\

~

e

Figures 23 - 31 show the changes in waveforms that occur as function i

- of model or orientation to the blast wave. Figures 23 and 24 illustrate

: the decay in initial peak overpressure when the front wall is shielded

within the two complexes. The records from the open model were not

much different from those recorded on the closed model. The arrival

times increased both with the shielding and as the complex (for 45°)

was changed, the stations were at greater distances as measured from :

the fixed free-field station. i
i
t

T

Figure 25 shows a comparison of the loading at a front roof station. i
Herc the waveshape change is not as great as for the front wall. Some ﬁ
decay in the initial peak overpressure does occur, but not as much as i
the decay on the front wall. The increased arrival times follow similar I
increases seen for the front wall.

Figure 26 shows pressure-time records from the rear roof. The .
complexes do cause some lowering of the initial peak pressure from =
approximately 20 kPa to about 15 kPa (for 45° complex). Reflections i
from shields at the rear part of the complex tend to increase the :
load on the rear roof after the first few milliseconds elapse after [
the blast wave passes the stations.

Figures 27 and 28 show comparisons of rear wall positions. All E
traces are rounded at the frent with a series of waves merging to
form the peneral profile., Again reflections appear from the rear
parts of bhoth complexes.  The open model shows the most rounding it
the initial shock front. !
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Figure 29 shows the comparison among the records made from the left
side wall station, The unshielded record is very much like the free-
. field records. The initial peak pressure does not change very much
i o for the 0° complex shot but does decay below the free-field value
when the complex is at 45°, Additional short duration reflected
pressure spikes appear on the records. The arrival time for the blast
) _ wave also increases as the shielding and orientation both delay the
. arrival at the left end wall station.

Figures 30 and 31 show records taken inside the open models at the
attic and ground floor stations. Both of the volumes fill proportionally
to the volume to area ratio® (V/A). The attic has a larger ratio,

12.94 m, than does the main room, 2.619 m. Accordingly, the attic
fills much slower than the ground floor room. A maximum in pressure
is reached somewhere between 5 - 10 ms fer the ground floor rocm.

For the attic station, the maximum pressure at this time is less than
15 kPa as compared to 25 kPa for the ground floor.

V. SUMMARY AND CONCLUSIONS

As a part of a collateral damage program sponsored by DNA at the
BRL, a 1/8th scale model house complex was exposed on the Mighty Mach
I and II series at the Canadian DRES test site. The models were
instrumented with pressure transducers on the external walls, roof,
and at points inside the models, where open models were exposed to the
blast., Generally all instrumentation performed adequately to recovd
the blast loading.

Three test configurations were exposed to the blast (25 kPa)

from the high explosive charges: (1) in-linec shields, (2) ¢° complex,
and (3) 45° complex. The last two configurations were repeated with
open windows and a door in each of the two instrumented models. The
pressure-time records obtained were compared to the results for the
single unshiclded model. Tables of pertinent paramcters were given
for measuremen:s for each of the configurations tested. Pressure-
time loading hListories are given in the Appendixes to this rcport.

An ana!- sis of the pressure-time records led to the follewing
gencral conclusions:

(L] The front wall model loading was less when shielded jn the
complexes than when the model was unshielded.
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{2) The rear wall of the model was loaded additionally with
reflections from the back row of shields when in either i
of the complexes. : : e

(3} The roof of the model did not experience very different
loading from one configuration to the next.

(4) The left side wall lcading changed with the configuration
tested. It went from something resembling free field loading
for the unshielded model to something that was very similar

to the rear wall loading when the model was shielded in the
45° complex.

(5) Whether the model had openings or not, caused only minor T
adjustments to the exterior loading.

It is recommended that existing structural codes utilizing blast loading Lj
data, such as this report lists, be moditied to account for the observed §§
shielding effects. Town or city structures within such a complex as i
tested would tend to become less susceptible to possible collateral ig
damage when exposed to blast from a tactical nuclear weapon. i
5 |
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Pressure-Time Histories, Shot 2
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Pressure-Time Histories, Shot 3
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Pressurc-Time Histories, Shot
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Prossure-Time Histories
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USER EVALUATION OF REPORT

Please take a few minutes to answer the questions below; tear out

--=-this sheet and return it to Director, US Army Ballistic Research

Laboratory, ARRADCOM, ATTN: DRDAR-TSB, Aberdeen Proving Ground,
Maryland 21005. Your comments will provide us with infermation
for improving futurc reports,

1. BRL Report Number

2. Does this report satisfy a need? (Comment on purpose, related
proicct, or other area of interest for which report will be used.)

— e —— e

3. How, specifically, is the report being used?  (Information
source, design data or procedure, management procedure, source of
idcas, ctce.)

4. Has the information in this report led to any quantitative
savings as far as man-hours/contract dollars saved, operating costs
avoided, efficiencies achicved, etc.? 1If so, pleasc claborate.

5. OGeneral Comments {Indicatce what yvou think should be changed to
make this report and future rcports of this type more responsive
to your neceds, more usable, improve readability, etc.)

6. 1f you would like to be contucted by the personncl wno prepared
this report to ralsc specific questions or discuss the topic,
pleasc fill in the following information,

Name:

Telephone Number:

Organization Address:
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